ABSTRACT: Danish lung cancer patients diagnosed during 1983±1987 experienced 5-yr relative survival rates 2±7% inferior to patients in the other Nordic countries, despite the similarity of cancer registration and healthcare systems in the Nordic countries. Is the inferior relative survival in Denmark due to differences in morphology or stage of lung cancers?
Survival after lung cancer is in general poor, with <10% of patients surviving 5 yrs after diagnosis [1, 2] . Stage of disease and morphological type are known predictors of survival, with small cell anaplastic carcinomas and nonlocalized cases (the most common presentation of this cancer) experiencing the least favourable survival [3] . Only marginal improvement has been observed following the introduction of systemic treatment, improvement in radiotherapy, surgical, and diagnostic techniques. It has long been known that the aetiology of almost all lung cancers is tobacco smoking [4] , and thus prevention through control of tobacco smoking should be given the highest priority in order to lower the incidence of, and thus the mortality from, this disease. Male lung cancer incidence in Denmark was 58.3 cases per 100,000 person-yrs during 1983±1987 (age-adjusted to the world standard population) and in females 23.0 cases per 100,000 [5] . These rates were among the highest in the Nordic countries, probably due to the high prevalence of tobacco smoking in Denmark. Early detection of the disease by chest radiography screening of healthy individuals without symptoms is often suggested, but so far all screening trials have been consistent in showing no beneficial effect [6, 7] , although a long-term effect cannot be ruled out [8] . The authors are not aware of any previous or ongoing early detection activity in the Nordic countries, which could affect the stage distribution and incidence of lung cancer. Irrespective of the higher incidence, survival would be expected to be similar in Denmark to the other Nordic countries.
The joint analysis of survival in Europe [2] compared 5-yr relative survival to that of the general population and found overall survival following lung cancer in Denmark, Scotland, and England to be 40±50% lower than the relative survival seen in Switzerland, the Netherlands, and Finland. But biases such as heterogeneity in registration methods could not be ruled out as explanations for the findings. A recently published prediction of cancer mortality in the Nordic countries [1] showed a 5-yr relative survival disadvantage of 2±7% for Danish lung cancer patients in the period 1983±1987 compared with the other Nordic populations, a difference which was not present in 1958±1962 (figs. 1 and 2). Although the prognosis for lung cancer patients is still poor, all Nordic countries except Denmark have experienced improvements in survival since 1958. This finding was surprising owing to the homogeneity of both registration and healthcare in the Nordic countries.
The aim of the present study was to analyse patient survival in more detail, in an attempt to explain the lower patient survival in Denmark. In particular, the differences in stage and/or morphology of small cell anaplastic carcinoma were studied to determine whether or not they contributed to the lower patient survival in Denmark.
Materials and methods
Notification of cancer is compulsory in the Nordic countries and the cancer registration data are known to be of both high validity and completeness [1, 9] . All countries run fairly similar nationwide, population-based cancer registration systems, and all use the national, unique personal identification number for linkages. As such, neither a cancer nor a death among cancer patients is likely to be missed. All countries included in this analysis use death certificates in the registration process, and perform follow-back of cases first identified in this way.
The case-specific data used for the prediction of Nordic cancer incidence and mortality [1, 5, 10] were also used for the present study, since these data had previously been carefully examined and adapted to a common format ( [12] , and from Finland according to MOTNAC-1958 [12] . This allowed classification into small cell carcinoma, large cell carcinoma, squamous cell carcinoma, and adenocarcinoma, with all other histologically verified cases grouped together and called "others" (table 2) . Cases registered without histological verification were also analysed as a separate group, called "missing". In Finland, however, there is no specific code for large cell carcinoma, and the group labelled large cell carcinoma also includes cases with other morphologies. When analysing patient survival, small cell carcinoma and squamous cell carcinoma were analysed as separate groups, and all other histologically verified cases were grouped into the "others" group. Patient survival was also estimated for those cases without histological verification. Clinical stage of disease was available is detail, allowing discrimination between localized and nonlocalized cases and those with unknown spread.
The same data and the same exclusion criteria were used as in previous analysis [10] . In brief, all incident cases except those known only from death certificates, those diagnosed at autopsy, and those $90 yrs at diagnosis were included for the period 1978±1991 for Denmark and 1978±1992 for Finland and Norway. Patients were followed-up for deaths through to 1991 in Denmark, to 1992 in Norway, and to 1993 in Finland.
Relative survival rates [13, 14] were estimated using software developed at the Finnish Cancer Registry [15] . In order to estimate relative survival, general (all-cause) mortality rates were obtained from the central statistical office of each country. Survival was estimated for annual followup intervals, although the results are presented here in terms of 5-yr relative survival rates only.
In order to compare these results to those recently published in the European Cancer Survival and Care (EURO-CARE) study [2] , the European Cancer Incidence and Mortality (EUROCIM) database [16] was used to study the morphology distribution of lung cancer in other European registries.
Results
In total, 92,719 patients were included in the Nordic analysis (table 1) . A higher proportion of nonlocalized cases (and a correspondingly lower proportion of localized cases) was seen in Denmark. The number of cases with unknown stage was very low in Norway, high in Finland and medium±high in Denmark. The percentage of cases with unknown stage is lower in Norway, partly because the Norwegian Cancer Registry routinely receives all pathology reports, which include some staging information.
The distribution of the number of cases by morphological type is presented in table 2. However, differences in morphology coding practices between the three registries complicate comparisons. Small cell, squamous cell, and adenocarcinomas can be identified in the Finnish material, but the large cell carcinoma category, as mentioned in the materials and methods section, also includes other carcinoma types. Hence, the percentage of large cell carcinomas is artificially higher in Finland than in the other countries. The Finnish Cancer Registry also uses separate codes for cases where histology has been recorded, but the registry has received either conflicting information or no information. Of the 8,790 Finnish cases classified as "missing" (morphology not available), 46 and 302 fell into these categories, respectively. Squamous cell carcinomas are the predominating cell type and can be identified in each of the three registries. The percentage of squamous cell carcinomas is similar for each of the three countries. The distribution of morphology is similar in Denmark and Norway, except for a lower number of large cell carcinomas in Norway. The distribution is slightly different in Finland, probably owing to the differences in coding practices mentioned previously.
Five-yr relative survival rates were highest among the young (<65 yrs), and if the lung cancer was reported as localized (table 3) . Survival was similar for localized cases in Norway and Denmark in each of the three age strata, whereas the relative survival was superior in all categories of localized disease in Finland. When looking at the patients with stage reported as nonlocalized (the group accounting for >50% of cases), Danish relative survival rates are consistently lower than the Norwegian and Finnish rates. The survival pattern for cases reported with unknown stage also shows a less favourable relative survival in Denmark compared with Finland, whereas this category is almost nonexistent in Norway, where most cases have stage reported.
Taking morphology into account, the survival pattern with respect to age and stage of disease is repeated, however, relative survival is clearly inferior for small cell carcinoma compared with nonsmall cell carcinoma. Interestingly, those lung cancers where histology was not reported seem to behave similarly to, or a little worse than, small cell carcinoma (table 4) .
Discussion
Five-yr relative survival rates following a diagnosis of lung cancer were studied in three Nordic countries by morphology and stage. The aim was to establish whether the distribution of lung cancer types could explain the previously observed poor survival in Denmark, or if differences in stage-specific survival were present.
In agreement with previous published studies [3, 17± 19] , a less favourable 5-yr survival for small cell lung cancer was found. If a higher proportion of such cases was observed in countries with poorer patient survival, then this would (at least partially) explain the observed survival differences. The proportion of small cell carcinoma in the Nordic countries was, however, rather similar within the countries, with 19% in Norway and Denmark and 15% in Finland, and the survival experience for this type of lung cancer did not differ dramatically. Also, data from the EUROCIM 1995 database [16] for those registries represented in the EUROCARE analysis [2] do not support this hypothesis. Registries with a high proportion of small cell lung carcinoma, such as Switzerland (20%) and the Netherlands (15%), are found among those with a better relative survival rate (11±12%), and registries with a low proportion of small cell lung carcinoma (England and Italy, 10%), among those with a poor survival (relative survival rate~6%). With respect to stage-specific survival, it is clear that Finnish males and females have a better relative survival than both their Norwegian and Danish counterparts, although the survival differences for localized small cell carcinomas among females are negligible. For : includes other carcinomas in Finland; # : includes cases where a history sample was not taken, except for Finland, where the figure also includes 302 cases where a histological diagnosis was made, but it is unknown to the registry, and 46 cases where the histological diagnosis was conflicting or unclear. nonlocalized cancers, relative survival is poor in all countries, but, in general, Danish males and females do worse than the Norwegians and Finns. Even if those cases with stage and morphological subtype reported as unknown were distributed in such a way that the Finnish survival after localized disease would be lower, the effect is small and will not change the general observation that Danes do worse with respect to survival. It is interesting to note the different temporal changes in relative 5-yr survival in the three countries [1] (figs. 1 and 2). Patient survival following lung cancer has improved over time in all countries, but the rate of improvement is negligible in Denmark. This signals that Denmark has possibly not been able to harvest advances in clinical practice (diagnosis and treatment), or that the other countries have introduced "something" which has not been introduced in Denmark. The healthcare systems are public and free in all these countries and the private healthcare sector negligible, so there should not be any financial consequences for individuals that might influence the survival. The authors are unaware, however, of any new development in therapy or diagnosis that has not been implemented in a similar fashion in each country.
Differences in stage at diagnosis seem to be the major reason for the inferior relative 5-yr survival of Danish lung cancer patients previously reported [1, 2] . This was also found for cancers of the stomach, colon, rectum, breast and prostate, although all these in general have a better prognosis than lung cancer [20] . It is clear that more nonlocalized cases (and fewer localized) are diagnosed in Denmark than in the other two countries. No screening activities for lung cancer are carried out in the Nordic countries and, even if they were, these activities would not be expected to have any impact on lung cancer mortality. Since no special diagnostic activity is present in any of the Nordic countries, a systematic lead-time bias in Finland and Norway seems unlikely to be an explanation. It may be speculated that the population in Norway and Finland are more observant of lung cancer symptoms, and thus seek medical advice earlier. The fact that more localized cases are diagnosed in Norway and Finland suggests this. In addition, the impact of delays, other than patient delay, may influence the fate of the patients when lung cancer is present, since survival in general is rather poor. The importance of underlying risk factors should also be mentioned. Tobacco consumption was and still is much higher in Denmark than in the other countries. In 1985, 51% of males and 43% of females in Denmark were smokers compared to 34 and 38%, and 18 and 32%, respectively, in Finland and Norway [21] . The female consumption and rise in lung cancer incidence is of particular concern. By using relative survival, noncancer smoking-related mortality has been to some extent adjusted for, however, a factor such as smoking, which is possibly even more prevalent among lung cancer patients than any other cannot be controlled for completely. As always, it cannot be excluded that differences in registration practices may influence these findings, in particular the extent to which follow-back of cases first reported on a death certificate is carried out, and the recording of stage. The first was studied earlier in Denmark [22] and in the EUROCARE study [2] , and found to be of little importance. Stage migration may also be ruled out [20] , since Denmark had the lowest proportion of localized tumours but did not have a better stage-specific survival. Differences in morphology (with more unfavourable small cell carcinomas in Denmark, as seen in table 2) can be ruled out. In fact when tabulating data from the areas included in the EUROCARE study, it is evident that the proportion of small cell carcinomas is the same in Denmark as in countries with a superior survival.
In conclusion, the observed differences in patient survival following a diagnosis of lung cancer between Denmark, Norway, and Finland are real and exist for both males and females. The main factor influencing the lower 5-yr relative survival in Denmark, that can be identified in this data, is the unfavourable stage distribution. Since survival differences are small within stage categories between the countries, differences in treatment choice or treatment efficacy subsequent to diagnosis are unlikely to explain these findings. However, differences in the point in the natural progression of the disease at which the initial diagnosis and initiation of treatment takes place seem to be the most likely explanation. There are two possible scenarios in which this could lead to lower patient survival in Denmark. The first is that the natural progression of the disease is similar in each of the Nordic countries, but diagnosis and initial treatment occur at a later stage in Denmark through either patient delay in seeking treatment following symptoms or physician delay in diagnosing the disease. The second scenario is that the natural progression of the disease is accelerated in Denmark for some patients, possibly due to a differing aetiology due to the higher prevalence of tobacco use. Although this is highly speculative, it is without doubt that lung cancer incidence and mortality in Denmark could be considerably reduced through primary prevention aimed at reducing the use of tobacco in parallel with effective diagnosis and treatment. 
